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S c h a f e r l  has suggested t h a t  l ow  rank c o a l s  r e t a i n  water  a f t e r  be ing  n o m i n a l l y  
d r i e d  a t  110'C. This  paper d iscusses the  r e s u l t s  o f  d i r e c t  d e t e r m i n a t i o n s  o f  
w a t e r  p r e s e n t  i n  " d r y "  c o a l s  and t h e  p o s s i h l e  e f f e c t s  o f  t i g h t l y  bound water  
on t h e  measured phys i ca l ,  chemical, and convers ion p r o p e r t i e s  of  coals. 

A c o a l  c h a r a c t e r i z a t i o n  program a t  t h e  Raytown, Texas Labs o f  Exxon Research 
and Engineer ing Company employed a sample l i b r a r y  o f  66 samples r a n g i n g  f r o m  
l i g n i t e s  t o  low v o l a t i l e  b i tuminous c 0 a l s . 2 9 ~  Apparent d e n s i t i e s  o f  t h e  sam- 
p l e s  measured i n  p o l a r  o rgan ic  prohes (methanol, i sop ropano l ,  and methyl e t h y l  
k e t o n e )  were much h i g h e r  than d e n s i t i e s  determined i n  he l ium.  These d i f f e r -  
ences appeared t o  be r e l a t e d  t o  coa l  rank and t h e  p o l a r i t y  o f  t h e  s o l v e n t s .  
However, d e n s i t i e s  determined i n  water  (more p o l a r  t han  t h e  o rgan ic  s o l v e n t s )  
were w i t h i n  exper imenta l  e r r o r  equal t o  d e n s i t y  de te rm ina t ions  i n  hel ium. 

F r a n k l i n 4 . 5  r e p o r t e d  t h a t  t h e  d i f f e r e n c e s  be tween  d e n s i t i e s  determined i n  
methanol and he l i um were p r o p o r t i o n a l  t o  t h e  h e a t  o f  w e t t i n g  o f  m e t h a n o l  on 
c o a l  and t o  t h e  s u r f a c e  a rea  o f  t he  coa l .  Walker, e t .  a1.6 repo r ted  t h a t  a 
s i g n i f i c a n t  f r a c t i o n  o f  t h e  su r face  area o f  low rank coalc  may be covered w i t h  
ca rboxy l  groups. Thus, apparent heat  o f  w e t t i n g  m igh t  r e f l e c t  i n t e r a c t i o n s  o f  
methanol and carboxy l  groups. I n  a d d i t i o n ,  Schafer  r e p o r t e d  t h a t  d r i e d  c o a l s  
d e c a r b o x y l a t e  under m i l d  p y r o l y s i s  (175OC) t o  y i e l d  COz and H20.l I t  i s  a l s o  
kmown t h a t  smal l  amounts o f  water  can be i n c o r p o r a t e d  i n t o  l a r g e  excess,es o f  
m e t h a n o l  w i t h o u t  a p p a r e n t  vo lume ~ h a n g e . ~  These o b s e r v a t i o n s  l e a d  us t o  
fo rmu la te  t h e  f o l l o w i n g  hypotheses: (1) w a t e r  i s  bound t i g h t l y  b y  l o w  r a n k  
c o a l s  and i s  not  removed b y  d r y i n g  ove rn igh t  i n  a vacuum; ( 2 )  t h e  bound water  
i s  e x t r a c t e d  b y  methanol r e f l u x i n g ,  and ( 3 )  t h e  bound w a t e r  a f f e c t s  d e n s i t y  
measurements. 

R. C. Neavel S. E. Smith, R. J. Lang, Exxon Research and Eng ineer ing  

Exper imenta l  

C a r b o x y l  group contents  were determined f o r  t he  l i b r a r y  samples u s i n g  a modi- 
f i c a t i o n  o f  Schafer 's  i o n  exchange.B Samples o f  -325 M coa l  were washed w i t h  
c i t r i c  a c i d  t o  remove m e t a l l i c  ca t i ons .  Samples o f  0.5 g were  t h e n  r e f l u x e d  
i n  0.5 N b a r i u m  a c e t a t e  a t  50°C f o r  24 h r s  under N2. S o l u t i o n s  were back- 
t i t r a t e d  w i t h  BaOH t o  8.5 pH. 

To s t u d y  t h e  amount o f  t i g h t l y  h e l d  water  i n  d r i e d  coa ls ,  a ten-sample suhset 
o f  t h e  Exxon Coal L i b r a r y  was chosen on t h e  bas i s  o f  c a r b o x y l  g r o u p  c o n t e n t .  
A l i q u o t s  o f  t h e  raw and c i t r i c  a c i d  washed c o a l s  f rom t h e  subset were d r i e d  
o v e r n i g h t  i n  a vacuum oven a t  l l O ° C .  Vacitum was broken w i t h  N2 and t h e  sam- 
p l e s  t r a n s f e r r e d  immed ia te l y  i n t o  a g love box. A f t e r  c o o l i n g ,  t h r e e  grams o f  
each sample were t r a n s f e r r e d  t o  b o i l i n g  f l a s k s ,  150 m l  o f  methanol was added 
t o  the  samples, and t h e  m i x t u r e s  r e f l u x e d  f o r  one hour. P r i o r  t o  m i x i n g ,  t h e  
me thano l  had  been d r i e d  over 3A t ype  mo lecu la r  s ieves and b lank  r e f l u x  t e s t s  
were conducted. A l l  t r a n s f e r s  and subsequent r e f l u x i n g  were  p e r f o r m e d  under  
n i t r o g e n .  F o l l o w i n g  r e f l u x ,  t h e  methanol e x t r a c t  was decanted. The res idue  
was d r i e d  and weighed t o  determine t h e  t o t a l  weight  e x t r a c t e d  d u r i n g  r e f l u x -  
i n g .  The d e n s i t y  of t h e  methanol e x t r a c t s  were determined a t  30°C by pycnom- 
e t r y ,  and t h e  water  con ten t  i n  t h e  methanol e x t r a c t  was determined b y  a F i s h e r  
Aquatest .g 
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I n  e v e r y  case, t h e  weight  o f  t h e  s o l i d  res idue  a f t e r  r e f l u x i n g  and removal of 
methanol was within one percent  o f  t h e  s t a r t i n g  weight  o f  c o a l  m inus  c o r r e c -  
t l o n  f o r  t h e  e x t r a c t e d  "bound" wa te r  assayed b y  t h e  Aquatest i n  t h e  methanol. 

Resu l t s  and D iscuss ion  

A s  i l l u s t r a t e d  b; F igu re  1, one mole o f  water  can be removed by CH30H r e f l u x -  
i n g  of t h e  " d r i e d  , raw* coa l  f o r  each molar  e q u i v a l e n t  o f  carboxy l  g roups  as 
d e t e r m i n e d  b y  h a r i  um exchange o f  acid-washed coa l .  For "d r i ed " ,  a c i d  washed 
coals ,  app rox ima te l y  one -ha l f  as many wa te r  molecules are he ld  a f t e r  d r y i n g  as 
t h e r e  a r e  c a r b o x y l  g r o u p s .  Approx ima te l y  0.2 m i l l i e q u i v a l e n t s  of water  per 
gram o f  coal  i s  r e t a i n e d  b y  t h e  coa ls  which c o n t a i n  v e r y  l i t t l e  o r  no carboxy l  
groups. 

The r e s u l t s  i n d i c a t e  t h a t  w a t e r  i s  h e l d  b y  l ow  rank coa ls  even a f t e r  d r y i n g  
o v e r n i g h t  i n  a vacuum oven. R e f l u x i n g  i n  excess methanol removes t h i s  w a t e r .  
A l s o ,  when some c a r b o x y l  g r o u p s  are i n  a s a l t  form, more water  i s  h e l d  than 
when a l l  t he  groups are i n  an a c i d  form. Assuming t h a t  o t h e r  t y p i c a l  c o a l s  
c o n t a i n  ca rboxy l  groups wi th s i m i l a r  p r o p o r t i o n s  o f  ca t i ons  exchanged t o  them, 
t h e  amount o f  w a t e r  h e l d  b y  raw c o a l s  can be a p p r o x i m a t e d  b y  t h e  number o f  
c a r b o x y l  g roups  p r e s e n t  i n  t h e  ( a c i d  washed)  c o a l .  The c a r b o x y l  g roups  
present  i n  coa ls  can be es t ima ted  b y  t h e  f o l l o w i n g  e q u a t i o n  d e r i v e d  f r o m  t h e  
Exxon l i b r a r y  da ta  base: 

COOHdmf = 19.4 - 0.222*Cdmmf - 0.0173*VITvo~ ( 1 )  

C d m f  = Carbon con ten t  o f  coa l  (%)  ( d r y  m ine ra l  f ree )  
where COOHd,,,,,,f = Carboxy l  con ten t  (meq/g) ( d r y  m ine ra l  f r e e )  

VITVOL = V i t r i n i t e  con ten t  (VOL. X ,  m i n e r a l - f r e e )  

The c o r r e l a t i o n  c o e f f i c i e n t  squared ( r 2 )  i s  0.94, and t h e  equat ion p r e d i c t s  
COOH t o  w i t h i n  2 0.1 meq/gram ( d r y  m i n e r a l  f r e e  coa l  b a s i s ) .  

D e n s i t i e s  o f  t h e  w a t e r - c o n t a i n i n g  methanol s o l u t i o n s  were determined b y  pyc- 
nometry. The d e n s i t i e s  o f  these s o l u t i o n s  were p r o p o r t i o n a l  t o  t h e  amount o f  
bound w a t e r  e x t r a c t e d ;  a p p a r e n t l y  no measurable volume change occu r red  when 
t h e  water was i n c o r p o r a t e d  i n t o  a l a r g e  excess  o f  m e t h a n o l .  D e n s i t i e s  o f  
e x t r a c t s  from methanol r e f l u x  measured a t  30°C ranged f rom 0.783 g/ml t o  0.789 
g/ml with a mean o f  0.786 g/ml f o r  t h e  20 samples t e s t e d .  D e n s i t i e s  o f  t h e  
me thano l  b l a n k s  d r i e d  o v e r  3A mo lecu la r  s ieves averaged 0.783 g/ml. Repro- 
d u c i b i l i t y  o f  t h e  d e n s i t y  measurements was b e t t e r  t han  + 0.0005 g/ml. The 
measured d e n s i t i e s  o f  t h e  m i x t u r e ,  w i t h i n  exper imenta l  e r r o r .  r e s u l t s  from the  
a d d i t i o n  o f  t h e  w a t e r  t o  t h e  m i x t u r e  w i t h o u t  c h a n g i n g  t h e  vo lume o f  t h e  
a i  x ture.  

Water bound t o  t h e  oven-d r ied  coa l  would be e x t r a c t e d  i n t o  t h e  l a r g e  volume of 
any Po la r  l i q u i d  d u r i n g  d e n s i t y  de te rm ina t ions ;  t he re fo re ,  apparent d e n s i t i e s  
measured i n  these  p o l a r  l i q u i d s  would be s p u r i o u s l y  h igh .  Water bound i n  t h e  
coa l  would be weighed, b u t  i t s  volume would no t  be measured. When t h e  d e n s i t y  
o f  Coal 4s determined i n  hel ium, water, n-hexane, o r  t o luene ,  t h e  bound water 
would be weighed and i t s  volume would be measured. However, s i n c e  t h e  d e n s i t y  
of t i g h t l y  h e l d  w a t e r  i s  lower  than  t h e  d e n s i t i e s  o f  c o a l s  (assuming t h a t  t h e  

*Raw r e f e r s  t o  s t a t e  o f  t h e  coa l  a f t e r  p r e p a r a t i o n  such as g r i n d i n g  and wash- 
i n g  bu t  p r i o r  t o  any  chemical t reatment  such as a c i d  washing. 
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d e n s i t y  o f  t h e  t i g h t l y  h e l d  water  i s  t h a t  o f  b u l k  wa te r ) ,  t h e  d e n s i t y  o f  t h e  
s o l i d  m a t e r i a l  measured i n  these probes i s  lower than  i t s  t r u e  d e n s i t y .  Also, 
s i n c e  water  w i l l  r e p e l  hydrophobic  hexane and t o l u e n e ,  complete f i l l i n g  of t h e  
po re  s t r u c t u r e  w i l l  n o t  occur. D e n s i t i e s  o f  t h e  l i b r a r y  c o a l s  d e t e r m i n e d  i n  
hexane and t o l u e n e  a r e  l e s s  than  d e n s i t i e s  measured i n  hel ium. 

F i g u r e  2 demonstrates t h e  e f f e c t s  o f  t i g h t l y  bound w a t e r  on t h e  d e n s i t y  o f  
c o a l s  measured i n  methanol and i n  hel ium. I n  F i g u r e  2. methanol d e n s i t i e s  are 
p l o t t e d  as a f u n c t i o n  o f  h e l i u m  d e n s i t i e s .  A p a r i t y  l i n e  i s  i n c l u d e d  f o r  
r e f e r e n c e .  A p p a r e n t  d e n s i t i e s  determined i n  methanol (squares)  a r e  based on 
t h e  assumption t h a t  t h e  d e n s i t y  o f  t h e  b u l k  m e t h a n o l  does n o t  change  d u r i n g  
t h e  d e n s i t y  d e t e r m i n a t i o n .  The open c i r c l e s  rep resen t  c o r r e c t e d  h e l i u m  and 
methanol d e n s i t i e s  c a l c u l a t e d  f rom apparent d e n s i t i e s .  assuming t h a t  w a t e r  i s  
i n c o r p o r a t e d  i n t o  b u l k  m e t h a n o l  w i t h o u t  c h a n g i n g  t h e  vo lume o f  t h e  b u l k  
l i q u i d ,  t h a t  t h e  moles o f  t i g h t l y  bound water  p resen t  i n  t h e  coal  a r e  equal t o  
t h e  moles of ca rboxy l  groups i n  t h e  c o a l ,  and t h a t  c h e m i c a l l y  h e l d  wa te r  has a 
d e n s i t y  o f  b u l k  water .  C o r r e c t i n g  a p p a r e n t  d e n s i t i e s  f o r  t h e  t i g h t l y  h e l d  
w a t e r  does n o t  b r i n g  t h e  c o r r e c t e d  d e n s i t i e s  t o  t h e  p a r i t y  l i n e ,  b u t  d i f f e r -  
ences between the  c o r r e c t e d  d e n s i t i e s  d e t e r m i n e d  i n  t h e  t w o  m e d i a  a r e  much 
sma l le r .  

Numerous e x p l a n a t i o n s  have  been p r e s e n t e d  i n  t h e  l i t e r a t u r e  t o  account f o r  
d i f f e rences  i n  d e n s i t i e s  measured i n  v a r i o u s  media. These are summarized as: 
(1) o p e n i n g  of  pores b y  rem Val o f  va r ious  o rgan ic  components causes methanol 
d e n s i t i e s  t o  be gceater;1°,1P*13 ( 2 )  t h e  d i f f e rences .  i n  average mo lecu la r  s i z e  
of t h e  p robe  causes d i f f e r e n c e s  i n  apparent densities;11*12 ( 3 )  Vander Waals 
c o n t r a c t 1  n of methanol occurs on t h e  coa l  su r face  d u r i n g  t h e  d e n s i t y  d e t e r m -  
i n a t i ~ n ; ~ ~ ~  ( 4 )  i n c o r p o r a t i o n  o f  so l ven t  i n t o  t h e  g e l - l i k e  s t r u c t u r e  o f  c o a l s  
o c c u r s ,  caus ing  an i n c r e a s e  i n  d e n s i t y  due t o  so lvent-po lymer i n t e r a c t i o n s . l *  
These f a c t o r s  can now be more s a t i s f a c t o r i l y  a p p l i e d  because t h e  d i f f e r e n c e s  
w h i c h  need t o  be e x p l a i n e d  range f rom 0.01 g/ml t o  0.05 g/ml on t h e  c o r r e c t e d  
bas i s  i n s t e a d  o f  t h e  0.03 g/ml t o  0.15 g/ml range f o r  apparent d e n s i t i e s  where 
t i g h t l y  h e l d  water  i s  no t  t aken  i n t o  account. 

I n  a d d i t i o n  t o  t h e  e f f e c t s  of t i g h t l y  h e l d  w a t e r  on a p p a r e n t  d e n s i t i e s ,  t h e  
t i g h t l y  h e l d  water  may a f f e c t  o t h e r  p h y s i c a l  p r o p e r t i e s ,  I f  p o l a r  f u n c t i o n a l  
groups p r o j e c t  f rom t h e  po re  w a l l s ,  s i g n i f i c a n t  i n t e r a c t i o n s  between t h e  func-  
t i o n a l  g r o u p s  and p o l a r  probes b y  vapor a d s o r p t i o n  cou ld  r e s u l t  i n  increases 
i n  t h e  c o a l  s w e l l i n g  t h r o u g h  t h e  d i s r u p t i o n  o f  i n t e r m o l e c u l a r  hyd rogen  
b o n d i n g .  Because bound  w a t e r  he lps  spread t h e  charge d e n s i t y  over  a longer  
d i s tance ,  i t s  presence cou ld  enhance these i n t e r a c t i o n s .  A l s o ,  because  p o r e  
volume c a l c u l a t e d  f rom e q u i l i b r i u m  m o i s t u r e  volume i s  g r e a t e r  t han  po re  volume 
c a l c u l a t e d  from p a r t i c l e  and r e a l  d e n s i t i e s ,  wa te r  s w e l l s  t h e  coals .  Thus, t h e  
s w e l l i y g  vo lume a t t r i b u t e d  b y  some w o r k e r s  t o  " p l a s t i c  s w e l l i n  
v a p o r s  i s ,  i n  p a r t ,  due t o  d i s r u p t i o n  o f  s e c o n d a r y  b o n d i n g l a * l g * l ~ ' ~ %  
re leases  compression s t r a i n  and c r e a t e s  l a r g e r  p o r e s .  Second, i f  w a t e r  i s  
i n c o r p o r a t e d  n o n v o l u m e t r i c a l l y  i n t o  t h e  s w e l l i n g  s o l v e n t ,  so l ven t  uptake on a 
we igh t  percent  bas i s  w i l l  be a f fec ted  because t h e  wa te r  i n c o r p o r a t e d  i n t o  t h e  
s o l v e n t  l eaves  a v o i d  volume t o  be f i l l e d  b y  t h e  so l ven t .  The we igh t  g a i n  i s  
i n t e r p r e t e d  as a s o l v e n t - s o l i d  i n t e r a c t i o n  i n s t e a d  o f  t h e  wa te r -so l ven t  i n t e r -  
a c t i o n .  T h i r d ,  hydrophobic  so l ven ts  a r e  r e p e l l e d  b y  t h e  presence o f  water  on 
t h e  s u r f a c e  of t h e  pores. Thus, t h e  s o l v e n t  i s  no t  i n c o r p o r a t e d  i n t o  t h e  bu lk  
c o a l ,  w h i c h  i n  t h e  absence  o f  bound w a t e r ,  t h e  s o l v e n t  m i g h t  o t h e r w i s e  
pene t ra te .  
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The presence o f  w a t e r  might  a f f e c t  su r face  p r o p e r t i e s .  For example, i f  s o l -  
vent  i nco rpo ra tes  w a t e r  i n t o  i t s  b u l k  n o n v o l u m e t r i c a l l y .  a heat r e l e a s e  w o u l d  
o c c u r .  C o r r e c t i o n s  f o r  t h i s  heat  r e l e a s e  should be considered when s t u d y i n g  
t h e  heat of w e t t i n g  o f  s o l v e n t s  on c o a l  s u r f a c e s .  The p resence  o f  t i g h t l y  
h e l d  w a t e r  may a f f e c t  t h e  con tac t  angle between t h e  coal  and a w e t t i n g  agent. 
Because p a r t i c l e  d e n s i t i e s  and pore volumes a r e  determined b y  m e r c u r y  i n t r u -  
s i o n  and c a l c u l a t e d  on t h e  b a s i s  o f  con tac t  angle,  t h e y  could be i n  e r r o r .  

T i g h t l y  h e l d  water  i s  no t  measured i n  s tandard procedures t h a t  c a l l  f o r  m o i s -  
t u r e  d e t e r m i n a t i o n  b y  d r y i n g  a t  110°C f o r  one hour. Therefore, any procedure 
t h a t  c a l l s  f o r  c o r r e c t i o n  o f  r e s u l t s  based on determined mois ture con ten t  does 
n o t  a d j u s t  d a t a  p r o p e r l y .  ASTM t e s t s ,  such  as t h e  B t u  c o n t e n t ,  v o l a t i l e  
m a t t e r  y i e l d s  and e lemen ta l  analyses are c o r r e c t e d  f o r  ASTM water  o n l y  and a r e  
n o t  c o r r e c t e d  f o r  t h e  t i g h t l y  h e l d  w a t e r  w h i c h  i s  present  i n  t h e  s t a r t i n g  
coa l .  I n  e lementa l  a n a l y s i s ,  water  i s  weighed as p a r t  o f  t h e  a c t u a l  sample,  
t h e n  t h e  sample i s  burned and t h e  products  o f  t h e  combustion (water  and CO2) 
are  t rapped and measured. T i g h t l y  h e l d  w a t e r  as w e l l  as ASTM m o i s t u r e  and 
w a t e r  o f  combustion a r e  a l s o  trapped. Th is  procedure c a l l s  f o r  an adjustment  
o f  t h e  hydrogen con ten t  based on t h e  ASTM water ,  b u t  no adjustment i s  made f o r  
t . i g h t l y  h e l d  w a t e r .  , T h e r e f o r e ,  t h e  h y d r o g e n  i n  t h e  t i g h t l y  h e l d  water  i s  
assigned as o rgan ic  hydrogen i n  t h e  coal .  The s t a r t i n g  weight  i n c l u d e s  oxygen 
f r o m  t h e  t i g h t l y  h e l d  w a t e r  w h i c h  i s  i n c o r p o r a t e d  i n  t h e  c a l c u l a t i o n s  as 
oxygen b y  d i f f e r e n c e  and ass igned t o  t h e  o rgan ic  content  o f  t h e  coal. 

C o r r e c t i n g  t h e  chemical  analyses f o r  t i g h t l y  h e l d  water  r e s u l t s  i n  a change o f  
as much as 0.5% i n  hydrogen con ten t .  The hydrogen t o  carbon r a t i o  changes  b y  
as much as 0.075, and t h e  oxygen t o  carbon r a t i o  changes by as much as 0.03. 
The net  r e s u l t  i s  t h a t  t h e  r e l a t i v e  p o s i t i o n s  o f  c o m p o s i t i o n s  o f  c o a l s  on a 
van K r e v e l e n  d i a g r a m  change. These changes i n  r e l a t i v e  p o s i t i o n  a f f e c t  t h e  
concepts o f  coal metamorphism and average mo lecu la r  s t ruc tu res .  

The presence o f  t i g h t l y  h e l d  water  may a f f e c t  chemical a c t i v i t y  o f  t h e  coa l  i n  
t h r e e  ways. F i r s t ,  wa te r  w i l l  r e a c t  w i t h  c e r t a i n  r e a g e n t s  t h a t  r e a c t  w i t h  
c o a l  s t r u c t u r e .  F o r  examp le ,  w a t e r  w i  11 h y d r o l y z e  Gr ignard reagents t h a t  
would otherwise a t t a c k  e s t e r s  and ketones i n  the  c o a l s  f o r m i n g  a l c o h o l s .  I t  
w i l l  a l s o  r e a c t  w i t h  t r i f l u o r o a c e t i c  a n h y d r i d e  t o  form a c e t i c  a c i d  d u r i n g  
t i t r a t i o n s  f o r  OH groups i n  t h e  coals .  Second, w a t e r  w i l l  a f f e c t  d i f f u s i o n  
p r o p e r t i e s .  F o r  examp le ,  w a t e r  bound t o  p o r e  w a l l s  w i l l  r e s t r i c t  p o r e  
aper tu res  and thus i n c r e a s e  d i f f u s i o n a l  r e s i s t a n c e  o f  c e r t a i n  c h e m i c a l  r e a c -  
t i o n s .  Thi rd ,  b y  b e i n g  c l o s e l y  assoc ia ted  w i t h  t h e  ca rboxy l  groups, t h e  wa te r  
may e f f e c t i  v e l y  b lock  r e a c t i o n s  such as e s t e r i  f i  c a t i  on. 

F i n a l l y ,  q u a n t i t a t i v e  r e s u l t s  f rom a n a l y t i c a l  spec t roscop ic  methods such as 
F o u r i e r  Transform I n f r a r e d  Spectroscopy (FTIR)  a re  c a l c u l a t e d  on t h e  we igh t  o f  
t h e  sample i n  t h e  ana lyzed  p e l l e t s .  Because t i g h t l y  bound water  i s  p resen t  i n  
v a r y i n g  amounts i n  each coal ,  each sample's spect rum s h o u l d  be c o r r e c t e d  f o r  
t h a t  bound water. A t  p resen t ,  s tandard techniques do not .  Also, because t h e  
OH s t r e t c h  o f  t h e  bound water  would absorb i n  t h e  same regions o f  t h e  spectrum 
as do a c i d  f u n c t i o n a l i t i e s ,  t h e  a c i d  (OH) con ten t  o f  t h e  coal  i s  ove res t ima ted  
b y  t h i s  technique. 

M a t e r i a l  and heat ba lances o f  convers ion processes should account f o r  t i g h t l y  
h e l d  water. F o r  example, some water  present  i n  l i q u e f a c t i o n  p r o d u c t s  w i l l  be 
fo rmed  f rom bound w a t e r :  t h e r e f o r e ,  heats  o f  l i q u e f a c t i o n  should be ad jus ted  
acco rd ing l y .  A l s o ,  t h e  bound w a t e r  may i n f l u e n c e  t o t a l  y i e l d s  and y i e l d  
p a t t e r n  i n  l i q u e f a c t i o n ,  p y r o l y s i s ,  and h y d r o p y r o l y s i s .  Other processes such 
as g r ind ing ,  d i s p e r s i o n  o f  c a t a l y s t s ,  c lean ing ,  and cok ing may be a f f e c t e d  b y  
t h e  presence o f  t h e  t i g h t l y  h e l d  water .  
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Concl u s i  ons 

C o a l s  d r i e d  b y  c o n v e n t i o n a l  techn iques  c o n t a i n  water t h a t  can be removed by 
p o l a r  o rgan ic  s o l v e n t s  d u r i n g  r e f l u x i n g .  The i n c o r p o r a t i o n  o f  w a t e r  i n t o  t h e  
s o l v e n t s  can l e a d  t o  e r r o n e o u s  d e n s i t y  de terminat ions  i n  p o l a r  o rgan ic  sol-  
vents. The bound water  i s  p r o p o r t i o n a l  t o  t h e  carboxy l  g r o u p  c o n t e n t  o f  t h e  
c o a l .  Because lower rank coa ls  c o n t a i n  more carboxy l  groups than h igher  rank 
coals,  t h e  e f f e c t s  o f  bound water  are more profound i n  lower rank c o a l s .  The 
presence o f  water on c o a l s  assumed t o  be d r y  cou ld  have f a r  reach ing  s i g n i f i -  
cance i n  o ther  areas o f  coa l  science such as s o l v e n t  coal  swe l l ing ,  e l e m e n t a l  
a n a l y s i s ,  coal  c l a s s i f i c a t i o n ,  chemical a c t i v i t y ,  p rocess ing  y i e l d s ,  and heat 
balances. We would recommend t h a t  such p o s s i b l e  e f f e c t s  be kept i n  mind  when 
t r e a t i n g  data on presumably d r y  coals.  
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